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B crarbe aHanu3upyIOTCS TEHICHLMM pa3BUTHA AaJalTUBHBIX METOJOB YIIPaBICHUS
TPAaHCHOPTHBIMU NOTOKaMH. BrinonHeH 0030p Hanbosee MepCrieKTUBHBIX HaNpaBlieHuil B chepe
HHTEJUIEKTYaJbHBIX TPAHCHOPTHBIX CHUCTEM, TAaKHX KaK BBICOKOCKOPOCTHOE OeCIpOBOIHOE
B3aUMOJEHCTBHE aBTOMOOWJICHl JApyr ¢ JpyroM M C JOPOXXHOW HHGPACTPYKTYpOH,
MIPOTHO3MPOBAHNE 3aTOPOB C IMOMOINBIO MAIIMHHOTO OOY4YeHHs, NMpPaBHJI HEYETKOW JIOTUKH M
TEHETHYECKNX AalTOPUTMOB, BHEAPEHHE CHUCTEM COAEHCTBHSA BOAWTENIO JUIS IIOBBIMICHUS
AaBTOHOMHOCTH TPAHCTIOPTHBIX cpeicTB. [IpuBeneHsI mpenMyIiecTBa, MPEJOCTABISIEMbIE STHMH
TEXHOJIOTHSIMH, JJIS TIOBBINIEHHS Oe30IacHOCTH, 3((EKTHBHOCTH U yJ00CTBAa HCIIOIb30BaHUS
TpaHcnopra. OnucaH MyJIbTHATCHTHBINA NOAX0[ U IIPEACTaBIICH PsiJl AITOPUTMOB, HCIIONb3YIOIIUX
€ro JUls CO3[aHusI HOBOT'O ITOKOJICHHS alallTUBHBIX TPAHCIIOPTHBIX CUCTEM.

Kniouesvie cnosa: ajganTUBHbIE METOIbI YNPABIEHUsS, MHTEIIIEKTyalbHble TPaHCIOPTHBIE
CHCTEMBI, MalIMHHOE OOyuYeHHE, TpaBUIIa HEUETKOH JIOTMKH, TEHETHYECKHE alTOPHTMBI,
JopoxkHasi UHQPACTPYKTypa, OSCIPOBOAHOE B3aUMOJCUCTBHE ABTOMOOMWIIEH, MYJIbTHATCHTHBIH
MIOIXOJ, CUTHAIIBI CBETO(Opa, COCTOSTHHE MTEPEKPECTKA

Beenenue. HaGmonaemMoe B TeueHHe CyTOK W3MEHEHHE WHTCHCHMBHOCTH TPAHCITOPTHBIX
MOTOKOB TpeOyeT COOTBETCTBYIOIIETO WM3MCHEHHUSI IMapaMETPOB YIPABICHUS ITOPOKHBIM
IBIDKEHHUEM, TAKUX KaK JJIMTEIBHOCTD IIMKIIA M BPEMS Pa3pemIaolinX CUTHAIOB. B mpoTuBHOM
cllydae ympaBlieHHE JBIKCHHEM OymeT Hed()(HEKTHBHBIM U 3a7€p>KKa TPAHCIIOPTHBIX CPEICTB
HEOMPAaBAAaHHO BO3pacTeT. MHOTOMPOrPAMMHOE KECTKOE YIPABICHUE YACTHYHO PEIIaeT 3Ty
npo0ieMy, OHaKO He SIBJISIETCS B TIOJIHOW MEpe ONTHUMAaJIbHBIM, T.K. HE CIIOCOOHO yYHMTHIBAThH
KPaTKOBPEMEHHBIC CIy4yalHble KojcOaHMS B 4YHCIAC aBTOMOOHWIICH, MOAXOIAIIUX K
MEPEKPECTKY. AJIANITUBHOE yMpPaBJCHHUE, 38 CUET HAIUYUS OOPATHOW CBA3U C TPAHCIIOPTHHIM
[OTOKOM, MO3BOJIIET YYUTHIBATH, KAK CYTOYHbIE H3MEHEHHS WHTEHCHBHOCTH, TaKk U €€
KoJieOaHuss B CBSI3M CO CIYYailHBIM TMPHOBITHEM TPAHCIOPTHBIX CpeacTB. CHCTEMBbI,
OCHOBaHHbIE Ha aJalITHBHOM YIIPAaBJIEHHH, CYIIECTBYIOT Ha TIPOTSHKEHUH TTOCITIEIHUX JECATKOB
JIET, ¥ UX MIPUMEHEHHE KaK B METaroymcax, Tak U B MEHee KPYIHBIX TOpoJax, J0Ka3aio CBOO
a¢dexTHBHOCTh. OOHAKO COBPEMECHHOE pa3BUTHE HHGOPMAIMOHHBIX TEXHOJOTMHA U
MHTEIUIEKTYaIbHBIX TpaHcopTHBIX cucTeM (MTC) mo3BosseT co3maBaTh Ka4eCTBEHHO HOBBIC
METO/IbI YIIPABJICHUS TPAHCIIOPTHBHIMU MOTOKaMU. CHCTEMBI YIIPABICHHUS IBIXKEHHEM HOBOTO
IIOKOJICHUS CTAaHOBSTCA HeOT’beMJ’IeMOﬁ YaCThIO0 KOMIUIEKCHBIX CUCTEM «YMHOI'O ropoga», a ux
pa3paboTka HampaBjicHa Ha TMOBBIIICHUE YA00CTBA, 3(PPEeKTHBHOCTH U OE30MaCHOCTH
HCIIOJIb30BaHKS TPAHCIIOPTA.
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CoBpeMeHHbIE aTaNTHBHbIE CHCTEMbI YIMpaBJIeHUs JBUKeHHeM. [lepBbie MOIBITKH
CO3JaHus CUCTEM aJJallTUBHOI'O PETYJIHMPOBAHHA OTHOCATCA K KOHILY BTOPOI'0 ACCATHUIICTUA
XXB. B 1928 r. B Helo-lopke Obulo BBeIeHO B JeiiCTBHE MEPBOE aBTOMATHUYECKOE
YCTPOMCTBO PETYyIMPOBAaHUS JOPOKHOTO JBIKECHUs, 000PYAOBaHHOE JAAaTYMKaMHU MENABHOTO
TUIA JJIsI PETHCTPAllMM TPAaHCIOPTHHIX cpenactB [1]. Ha ceropHsiiHui AeHb CyLIECTBYIOT
JICCATKH PA3INYHBIX peau3alii aJaNTHBHBIX CHCTEM YIPaBICHUS TpaHCHopToM [2], a
Hanbonee pacrpoctpaHeHHbIMA sBisToTCE SCOOT u SCATS [3]. Hecmotps Ha OGosbiioe
YHUCIIO peayu3aldil aJanTHBHBIX CHCTEM, JITOPUTMBI, Ha KOTOPBIX OCHOBaHa WX paborta,
MOXHO pa3[eIUTh Ha TPH TPYINIBL AITOPUTMBI, TNPEIYCMATPUBAIOLINE IEPEKITIOUCHUE
CUTHAJIOB CBeToopa MNO HMHPOPMAIMM O COCTOSHMM II€PEKpecTKa B [JaHHOM ILIHMKIIE
pPEryjampoBaHusi; aJlrOpUTMbI CTaTUCTUYECKOI OIITUMHU3alH, MO3BOJIAIOIINEC II0 l/IH(bOpMaLII/II/I
O COCTOSIHUM IIEPEKpPECTKa B JIaHHBI MOMEHT OIPENEIUTh NapaMeTpbl YIPaBICHHsS Ha
CIIEAYIOIMA MOMEHT BpPEMEHH Ha OCHOBE BEPOSTHOCTHOIO IPOTHO3UPOBAHUS OITOTO
COCTOSIHMS; aJITOPUTMBI CIIyYaifHOrO TIOMCKa, IIPU KOTOPBIX IapaMeTphbl YIpaBICHHS
U3MEHSIOTCS  CIy4allHO C OJHOBPEMEHHBIM aHaIW30M KpHUTepus S(PQPEKTUBHOCTH, a
ONTHUMAJIBHBIM CUUTACTCS YIIPaBJIEHHE, P KOTOPOM JOCTHIAETCS MaKCHMYM WJIM MHHHUMYM
kputepust 3¢ dextuBHOCTH. CoBpeMeHHbIE nocTiDKeHHss B obmactu WTC  mo3BOISIOT
3HAYUTEIBHO PACIIMPHUTH TEKYIIHE BO3MOXKHOCTH aIallTUBHOTO YIPABJICHUS TPAHCIIOPTOM H
co31aTh 00JIee COBEPIICHHBIE CHCTEMBI.

HHTeniekTyalbHble TPAaHCHOPTHBIE cHCTeMbl. VIHTeleKTyanpHash TPaHCHOPTHAS
cucrema (MTC) - 3To MHTeNIEKTyaJlbHAasl CHCTEMa, MCIIONB3YIOMIas MPOABUHYTHIE CEHCOPHI,
QJICKTPOHUKY, KOMIIBIOTCPHBIC )44 KOMMYHUKAIIMOHHBIE  TEXHOJIOT'MH, WHHOBAIIMOHHBIC
CTpaTerud  YOpaBlIEHHs, IPENOCTAaBISIONIas  KOHEYHbIM  HOTPEOUTENsIM  OOJBIIYIO
I/IH(l)OpMaTl/lBHOCTI) )44 6e3OHaCHOCTL, a TakKXC KaY€CTBCHHO IMOBbIIIAONIasAs YPOBCHb
B3aMMOJICHCTBHSI yYAaCTHUKOB JIBIKCHHS IO CPaBHEHHWIO C OOBIYHBIMH TPAHCIOPTHBIMH
CHUCTEMaMHU.

[Mocnemuue HECKONBKO JCCATWICTHH 3JICKTPOHMKA CTajlla OJHHUM W3 OCHOBHBIX
KOMIIOHEHTOB B aBTOMOOWIIC, COCTaBIISIA IO TPETH €ro CTOMMOCTH. llepBoe IOKOJICHHE
aBTOMOOWJIBHOM DJIEKTPOHUKH HCIOJB30BAJOCh ISl pemieHus y3Koro Habopa 3amad,
HalmpuMmep, aHTHOIOKUpoBouHas cuctema (ABS). B coBpemeHHOM aBTOMOOWMIIE 3JIEKTPOHHUKA
KOHTPOJIUPYET TPAKTHYECKH Ka)XI0€ JAEHCTBHE, CTapasch IOBBICHTH O€30MacHOCTh U
KOM(OPTHOCTh TOE3AKH, YMEHBIINTh MOTpebneHne TtorumBa. Crhexyromuii, TOJIBKO
HAYMHAIOIIMN pa3BUBAThCs, JTall 3aKJIIOYACTCs B 0OJice IIMPOKOM PACIPOCTPAHCHUU H
9KCIUTyaTalii OCCHPOBOJHBIX TEJICKOMMYHHKaluid. Jlajgee NpUBEICHBI OCHOBHBIC THUIIBI
0ecrnpoBOJIHBIX aBTOMOOWIBHBIX ceTedl. CeTn Hamboliee KOPOTKOTO pajuyca HCIOIb3YIOTCS
JUISL OpraHu3ali OOMEHa JaHHBIMHA MEXKAY YCTPOWCTBAMH BHYTPH aBTOMOOWIS. THIU4HOE
MPUMEHCHHE [T HUX - 3TO OECIIPOBOIHAS CBSA3b MEXKIY CMAapT(HOHOM BOIHUTEIS M CHCTEMAaMH
aBTomMoOmiIst. B3ammopelictere V2V BKIO4aeT OOMEH NAaHHBIMH C TPOXOJSAIIAMHU PSIOM
aBTOMOOWIISIMH, TTOICPIKKY CBS3H C aBTOMOOWIAMH, ABIDKYIIMMHUCS 110 OJTHOMY MapHIpyTy, a
TaK)Ke aBapHiiHOE BEIIaHWE aBTOMOOWIISIM, HAXOIIIIUMCS Hemonaneky. B3anmoneiicteue V21
WCTOJB3YeT MPHIOPOXKHYI0 HWHOPPACTPYKTYpY [UII OOMEHa JaHHBIMA H  CETEBOTO
B3aMMOJIEHCTBHA ¢ aBTOMOOMIAMH. Takke aBTOMOOIIIbE MOXKET UMETh MPSIMOE TIOAKIIOYCHHE K
HHTEpHETy dYepe3 COTOBYyI0 ceTb. OOBeIMHEHHE STHUX pPA3IUYHBIX THIIOB CETEBBIX
B3aUMOJICHCTBUII B €AMHYI0 HH(PACTPYKTypy SBIISIETCS OJIHOM W3 TIAaBHBIX LeJeld B
OnmkaiieM OyayieM B 3TOH 00JIaCTH.
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HepBbIe MPUMUTHUBHBIC OKCIICPUMEHTBI C CETEBLIM aBTOMO6l/IJ'll>HI)IM BSaHMOﬂeﬂCTBMeM
npoBoamuch eute B 1989 roay [4]. Bonee cucremarnyeckue uccienoBaHus B 3Tl o0iacTu
Havasmuch B 2000-x. Bckope BbIICHMIIOCH, 4YTO cylnecTByromme TtexHoiorun Wi-Fi He
COOTBETCTBYIOT IIOCTABJIEHHBIM 3aqadaM. J{i1si pemeHns 3Tux npodsieM ObLIO CO34aHO HOBOE
noronHeHne k crannmapry Wi-Fi - IEEE 802.11p [5]. HoBelii nporokon Gasupyercs Ha
texaonoruu DSRC (Dedicated short range communication), cirykamieii s B3anMOACHCTBHS
Ha KOPOTKHMX JAMCTaHUUAX. TEXHOJOrus CleIylolero IMoKoiaeHus HasbiBaercs WAVE
(Wireless Access to Vehicular Environment) u npemoctaBiseT BEICOKOCKOPOCTHYIO Tiepeaady
maHebIX [6]. OHa mo3BossieTr OOMEH JaHHBIMH B paamyce 1000M mexay oObekTamuy,
JBIKYIIUMHUCS cO ckopocThio g0 110 km/u Ha 4yactore 10 wmum 20 MI'u. Cepsuchl,
pa3paboTaHHBIE Ha JAaHHBIH MOMEHT, BKJIIOYAIOT CHCTEMBI KOOIEPATHBHOTO OMOBEIICHUS O
CTOJIKHOBCHUAX, CHCTEMblI JE€TCKTUPOBAHUA CTOHKHOBeHHﬁ, KOONEpaTuBHBIC CUCTCMBI
0€30MaCHOCTH MEPEKPECTKOB, OMOBEIICHHUE O MPHUOIMKCHUN aBTOMOOMIICH SKCTPEHHBIX CITYXKO
WM 001acTei ¢ TOpOKHBIMU padboTamu u ap. [7].

Eme onHo BaxkHoe HampasneHune B UTC - 3To npeackazanue 3aTopoB. MnenTudukanus u
MPOTHO3UPOBAHUE JIOPOKHBIX MPOOOK MOXKET OBITh WCIIOJNB30BAHO KaK BOJIUTCISIMH,
CTPEMSIIUMUCS N30€KATh 3aTOPOB, TAK U CHCTEMAaMHU YIPABJICHUS IBHKCHUCM JUTS TPUHATHS
Mep [0 WX TMpenoTBpamleHuro. llocienHre HECKONBKO MeCATHICTHH Hamboiee IIHPOKO
pacTpoCTpaHEHHbIE TEXHUKH JOPOXKHOTO IIPOTHO3HPOBAaHUS OCHOBHIBAIMCh Ha (QHUIBTpe
KanmMana u uHTErprUpoOBaHHONW MOJENH aBTOpErpeccuu ckoibasimero cpeanero (ARIMA) [8].
B mnacrosimee BpeMsi OonpIioe BHHUMAHHE YAEISIETCS METOAAaM, CIIOCOOHBIM BBIIOJHSTH
MIPOTHO3UPOBAHAE HA OCHOBE HECKOIBKHX IPH3HAKOB, BKIIOYAIONINX JOPOXHBIM IOTOK,
CTCICHb 3aHATOCTH OOPOIrv, CKOPOCTH. K takum aJIropuT™MaM OTHOCATCA METOJ OIIOPHBIX
BekTopoB (SVM) [9], meiiponusie cetu (NN) [10], cuctembl, OCHOBaHHBIX Ha IpaBHJIaX
neuerkoit sormku (FRBS) [11,12], renernueckue anroputmbl (GA) [13]. HaubGonee
3¢ (eKTUBHBIE METOJIBI HA CETOJHSIIHUAN JEHb MOTYT IpEJCKa3aTh BOZHUKHOBEHHUE 3aTOpa Ha
nepuon ot 5 10 30 MUHYT ¢ TOYHOCTBIO B 95%.

[Mocnennee necsaTuieTue XapaKTEPU3yeTCs aKTHBHBIM Pa3BUTHEM B 00JIACTH aBTOHOMHBIX
1 OSCIIMIIOTHBIX aBTOMOOMIIEH. DTOMY CBHAETENBCTBYIOT cienyrourie npoekTsl: VIAC (2007-
10), SPITS (2008-11), HAVEit (2008-11) [14], Cybercars-2 and CityMobil (2005-08 u 2008-
11) [15], copeBroBanne GCDC (2009-11), e-Safety (2002-13), copeBHoBaHuss DARPA[16] 1
Google Driverless Car. Ha ceromusmHuii 1eHb BBIACIAIOT ISATh YPOBHEH aBTOHOMHOCTH IS
aBTOMOOWIIEH: OTCYTCTBHE aBTOHOMHOCTH, KOT/Ia BOJIUTEIh HMMEET ITOJHBIH KOHTPONb Hax
aBTOMOOWIISIMM 0€3 KaKHUX-TM0O TPEJOCTEPEIKCHUH WM aCCUCTUPOBAHUS; HAIWYIHE CUCTEM
COHeﬂCTBHH, Korga BOJHUTEJIb BCE €IIC HMECT MOJIHBIN KOHTpPOJIb, HO HMCIKOTCA CHUCTCMbI
NMOAACPKKN CUTHAJIaMU WJIW 3BYKOM, HAIIpUMEP, BO BpEMA MaHCBpa CMCEHBLI I10JIOCHI;
MOJIyaBTOMAaTU3UPOBAHHLBIC aBTOMO6I/lJ'II/I, Koraa 4YaCTUYHOC YHPABJICHHUC B ONPCIACICHHBIX
CUTYAIVSIX WJTH YCIOBHUSIX MOXET OBITh JICNIETHPOBAHO CUCTEME, HAIIPUMED, aJalITUBHBIA KPYH3
KOHTPOJIb, &CCHCTUPOBAHKE TPU ITAPKOBKE; BEICOKOABTOMATU3UPOBAHHBIC aBTOMOOWIIH, KOTIa
CHUCTeMa COACUCTBHS OepeT Ha ce0s OCHOBHBIC 33Jadll II0 VIPABICHUIO, HO TMIpH
HEOOXOAWMOCTH YIIpaBICHHE BCE €IIe MOXKET OBITh NepeNaHO BOIWTENIO; ITOJHOCTHIO
aBTOMAaTH3UPOBAHHBIE aBTOMOOWIM, KOTJa aBTOMOOWIIb SIBISACTCS TOJHOCTHIO aBTOHOMHBIM,
JTaKe B CIIOKHBIX CHUTYAIHSIX.

Pabora Hag npoaBuHyTEIMHU cucTeMaMmu coneiictBus Boautento (IICCB) Bexercs B Takmx
HAIPaBICHUAX KaK CHCTEMBI aCCHCTHPOBAHMS IPH CMEHE II0JIOCHI, CHCTEMBI 0E30MacHOCTH
Nemexoa0B, CUCTEMbI MNPCAYHNPCKIACHUA W TPEAOTBPALICHUSA CTOHKHOBCHHﬁ, CHUCTEMBbI
aJlallTUBHOT'O YIPAaBJICHUA CBETOM (bap, CHUCTEMbI aCCUCTUPOBAHUA IIPU IMAPKOBKE, CUCTCMBI
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HOYHOTO BHUJAEHHS, CHCTEMbI KPYU3-KOHTPOJIS, CHCTEMBbl BHYTPEHHEro HaOJIOJIeHus,
MO3BOJISIIOIIME JIETEKTUPOBATh COHHOE COCTOSIHUE BOJAMTENS W IPEAYNpeIuTh 00 ONacHOM
cutyauuu [17]. Crnegyromuil mar - co3gaHue KOONEPAaTUBHBIX CUCTEM aJalTHUBHOIO KPYyH3-
KOHTpOJISl, OCHOBBIBAIOIIMXCSI HA V2V B3aMMOJEHCTBHM, CHCTEM pAacIIO3HABAHUS JIOPOXKHBIX
3HAKOB M CHTHAJIOB CBETO(Opa, CUCTEM, MCHOJIB3YIOINX MH(POPMAIMIO OT LHU(POBBIX KapT,
HaTIpuMep, IS BRIOOpa MOAXOMAIICH CKOPOCTH mepen KpyTsiM noBoporoM. Pazsutue I[ICCB
Oyzer BIHATH Ha TpeOOBaHUSA K 0E30MACHOCTH aBTOMOOWIICH W CO BPEMEHEM HCIIOJIb30BaHHE
TaKAX CUCTEM CTaHET 00s3aTeNbHEIM, AeJasi MAIIUHBI 00JIee aBTOHOMHBIMH.
3a mocnemaue roapl B MTC mosBUIOCH MHOXKECTBO Pa3sHOOOPa3HBIX TEXHOJIOTUH,
CIOCOOHBIX KapAWHAIBHO W3MEHUTh HAIlM TIPEACTABICHHS O TpaHcmopTe. B dwacTHOCTH,
OoJibllIE M3MEHEHHsT MOTYT IIPOM30WTH B cdepe OpraHu3aluM JIOPOXKHOI'O ABMXKEHHS. B
clenymomeM paszene OyIyT ONKMCaHbl HOBBIE QJITOPHUTMBI YIPABICHHS IIEPEKPECTKOM,
HCIIOJIb3YIONIME MYJIbTHATCHTHBIM TMOJXOJA, OCHOBAaHHBIE Ha HCHOib30BaHMM V2I u V2V
B3aUMOJICHCTBHI, a TaK)Ke MPUMEHEHUN aBTOHOMHBIX aBTOMOOWIIEH.

MyabsTHATeHTHBIE CHCTeMbI Ha TpaHcnopTe. MynbruarentHsle cucteMbl (MAC) - 310
CHCTEMBI, COCTOSIIINE M3 AaBTOHOMHBIX WHTEJUIEKTYaJbHBIX areHTOB, B3aUMOJCHCTBYIOIINX
JIpyT C APYTOM, U MAcCHUBHOW Cpelpbl, B KOTOPOI areHThl CYIIECTBYIOT M Ha KOTOPYIO TaKXe
MOTYT BIMATh. KaXIbplif areHT MMeeT CBOM IPEICTABICHHWS O BHEIIHEM MHpE, TEKyllee
COCTOSIHME, LIETIM U JIOTHKY, ONPEACTIONINE ero NoBeieHue. Takke areHT MOXKeT o0IaThes ¢
IpYTMMH areHTaMu B Iporecce pa0oThl. JlesATeNbHOCTh areHTa 3aKiiodaeTcs B cOope |
00paboTke MHGOPMAUWK, NPHHATUM PEIICHUS W COOTBETCTBYIOLIEM €My BO3IEHCTBHM Ha
cpeny (puc.l).

Ilon areHTOM ©OHUMAaeTCs NPOTPAMMHO- WM amllapaTHO-PEAIM30BaHHAs CHCTEMA,
KoTOopasi oOJjajgaeT TaKkUMU CBOMCTBAaMH: aBTOHOMHOCTb, OOIIECTBEHHOE IIOBEJICHHUE,
PEaKTUBHOCTb U MPO-aKTUBHOCTbD.

- \ —_—
ATEHT BOCMpUSTNE
Hatynku «
BHyTpeHHee ARFopuUTM BHELLUHAA
cocTosaHue paboThbl CPEA
AKTyaTopbl >
BO3AeNACTBUE
\ J Ha cpeay

Puc. 1. Cxema paboTs! areHTa

Wnes ucnonp3oBannss MAC aisi aBTOHOMHBIX aBTOMOOwWIieil He HoBa. Hampuwmep, B
CKJIAZICKHUX M 3aBOJACKHX ITOMEIICHUSX aBTOMAaTHYECKU YIpPaBisieMble TPAHCIIOPTHBIE CPEACTBA
HCHOJb3YIOTCS yke AaBHO U MAC HaluM 37ech IIHMPOKOE MPUMEHEHHE, IT0Ka3aB XOpOLINe
pesynbTartsl [18,19].

[Mpumeneane MAC s ynpaBieHHS TEPEKPECTKOM CTallo BO3MOXKHBIM Oiaromapst
pazsutmio  V2I w V2V  kommynwmkamumii. [lepekpecTok CcHaOXaeTcsi yCTPOHUCTBOM-
KOHTPOJUIEPOM, PeaTH3yIOIINM aJlTOPUTM yrpasieHus ¢azamu cserodopa (Puc. 2). B cinyqae
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C ABTOHOMHBIMH aBTOMOOWJISIMH CBETO(OP MOXKET IPOCTO BBIMIOJIHATE JTYOJHPYIOLIYIO
(GyHKIMIO, T.K. OCHOBHBbIE KOMaHIBI MOTYT TiepenaBaTh uepe3 V21 B3aumopeiicTBue.
KonTposiep mMeer omnpeneneHHbI paauyc AEHCTBUS, HOSBISSICH B KOTOPOM aBTOMOOMIIb
nepenaer HMH(OpMALMIO O CBOEM IIOJIOKEHWH, CKOPOCTH M HAlpaBJICHUHM JBIIKCHUS.
Konrpomnep cobupaer 3Ty MHGOpPMAIMIO CO BCEX aBTOMOOMJIEH M Ha OCHOBE IOJIyYEHHBIX
JaHHBIX BBIIOJIHSET IUIaHupoBaHue (a3. [Ipn HEOOXOAUMOCTH aBTOMOOWIISIM OTIIPABIISFOTCS
KOMAaH/Ibl, TIO3BOJISIOIME KM CKOPPEKTHPOBATH CBOU JECHCTBHS.

IpemnaraeMple axropuTMbl pabOTHl KOHTPOJUIEpa MOTYT 3HAYHMTEIBHO OTJIMYATCS OT
cHCTeMBI K cucTeMe. HekoTopble OpHEeHTHPOBAHbl Ha COBEPIICHCTBOBAHHE IUIAHMPOBaHUS (a3
cBetodopa 3a cueT HaUuUs Oojiee MoNHOW MH(OPMALMKM O TPAHCIIOPTHHIX moTokax [20,21],
IpyrHe 3aHMMAaloTCs KOHTPOJEM TpaeKTopuil aBroMoOmneidl mng Oonee >ddexTuBHOrO M
0e30macHOro nmpoesaa nepekpectka [22,23], TpeThH MpeaaralT 0TKa3aThCsl OT CBETO(GOPHOrO
peryjMpoBaHusl U aKTHBHO HCIIOJIb30BAaTh BO3MOXKHOCTH OECHPOBOJHOIO B3aUMOJIEHCTBUS
yepe3 nepenady coobuienuit [24]. KauecTBo mpeniaraeMbeix ajJrOpUTMOB OLIEHHBAETCsl Yepes
UMHTAllMOHHOE  MOJEJIMPOBAaHME, KOTOpPOE IIOKAa3bIBAE€T 3HAYMUTEIHHOE  MOBBILICHHE
5Q(QEKTUBHOCTH  IEPEKpPecTKa II0  CPaBHEHMIO C  KIACCHYECKHMM  CBETO(OPHBIM
peryiaupoBanueM. Kpome 3amay ynpaBieHUs] W30JMPOBaHHBIM nepekpectkoM, MAC moryt
OBITh NPUMEHEHBI B CHCTEMax I LIEHTPAIU30BAHHOTO YIPABJICHHS IBHKEHHEM BO BCEM
ropozie, KOTOpbIE 3aHMMAIOTCA (OPMHPOBAHHEM MAapLIPYTOB, IUIAHUPOBAHUEM BpPEMEHH
MOEe30K ¥ KOOpAMHALMEH OTHAEIBbHBIX CBETO(POPHBIX OOBEKTOB C ILEIbl0 H30ekaHHs
BO3HUKHOBEHHS 3aTOPOB [25].

Road side unit (RSU)
YcTpoiicTeo ans

6ecnposoaHOW CBA3M
C aBTOMOGUNAMKN
LieHTp ynpasnenvs :

AOPOXHBIM ABUKEHNEM, e /- =
cobupaiowmia 1 [ Ql

o6pabatsiBaloWwmi
JAaHHBbIE

KouTponnep,
ynpasnsoLWwmi
pa6oToit ceeTodopa

Puc. 2. Ilpumenenne V21 B3auMoaeiCcTBUS AJIs yIPABICHUS IEPEKPECTKOM

3akJ0ueHHe. DBOJBIIMHCTBO CYIIECTBYIOIIMX METOJOB AaIallTUBHOTO YIPABICHUS
TPaHCIIOPTOM OCHOBBIBAIOTCSA Ha TEXHOJOTHSX, NOCTYNHBIX YK€ HECKOJBKO NEeCATHICTHH. B
CTaTh€ MPEACTABICH pAA TEXHOJNOTMH, TaKMX KaK YCTPOWCTBA, oOOecCIeunBaromue
0ecrpoBOIHBIE BHICOKOCKOPOCTHBIE TENEKOMMYHHKALIMM C aBTOMOOWISIMH, M IIPOJBHHYTHIE



130 A. Knumosuy, B. Iyt
ISSN2224-087X. EnexrpoHika Ta indpopmaniini Texnomorii. 2018. Bunyck 9

CHUCTEMBl COJEHCTBUS BOJUTEIO, IOSBIECHUE U PACIPOCTPAHEHUE KOTOPBIX IIPUBEIET K
CO3/IaHUI0 HOBOTO TIOKOJICHMSA AaJalTUBHBIX CHUCTEM YIIPABJICHHUA TPAHCIOPTOM. Takxke
OMNMCBHIBAECTCS MYJBTUAreHTHBII MOAXOJ, SBISIOIIMHACA MNOAXOAALIEH MOJENBIO Ui
IIPE/ICTAaBICHUS] HOBBIX TPAHCIOPTHBIX CHCTEM, DJIEMEHTHI KOTOPHIX CTaHOBSTCS Bce Ooiee
ABTOHOMHBIMH, HMHTEJUICKTYaJIbHBIMU M CIIOCOOHBIMH K B3aUMOJICHCTBHIO JIPYr C JPYTOM.
[IpencraBneH psa anrOpUTMOB, TpEAaTalONINX MCIONB30BaTh mpemmyinectBa UTC mis
MOBBIIIEHUST 3(P(PEKTUBHOCTH pabOTHl TEPEKPECTKOB M TPAHCIOPTHON CETH B IIEJIOM.
AJanTHBHBIE CHUCTEMBI HOBOTO ITOKOJIEHHS, CIOCOOHBIE COOMpaTh IETaJbHOE OIMCAHHUE
TPAaHCIIOPTHBIX IOTOKOB, BKJIIOYas HH()OPMALUIO O MapuIpyTe, CKOPOCTH U IIOJIOKECHUH
OTICIBHBIX aBTOMOOWIEH, M HMEIOUIME BO3MOXKHOCTh IIE€PEIaBaTh 3TUM aBTOMOOMIISIM
WHAWBUAYAJIbHBIC KOMAHIBI, ITO3BOJIAT TPAaHCIOPTHBIM CHCTEMaM TIOpOJAOB CIIPABIATHCA C
MOCTOSIHHBIM POCTOM YHCJIa aBTOMOOMIIEH U 00BEMOB IIEPEBO30K, HAOIIOAAIONIUMCS 110 BCEMY
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MAJOR TRENDS IN DEVELOPMENT OF ADAPTIVE METHODS OF
MANAGEMENT OF TRANSPORT FLOWS
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Moscow str., 267, Brest, 224017, Belarus
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Adaptive algorithms, which current traffic systems are based on, exist for many decades.
Information technologies have developed significantly over this period and it makes more
relevant their application in the field of transport. This paper analyses modern trends in the
development of adaptive traffic flow control methods. Reviewed the most perspective directions
in the field of intelligent transport systems, such as high-speed wireless communication between
vehicles and road infrastructure based on such technologies as DSRC and WAVE, traffic jams
prediction having such features as traffic flow information, congestion, velocity of vehicles using
machine learning, fuzzy logic rules and genetic algorithms, application of driver assistance
systems to increase vehicle’s autonomy. Advantages of such technologies in safety, efficiency
and usability of transport are shown. Described multi-agent approach, which uses V2I-
communication between vehicles and intersection controller to improve efficiency of control due
to more complete traffic flow information and possibility to give orders to separate vehicles.
Presented number of algorithms which use such approach to create new generation of adaptive
transport systems.

The change in the intensity of traffic flows observed during the day requires a corresponding
change in traffic management parameters, such as cycle times and time of the enabling signals.
Adaptive control, due to the presence of feedback from the traffic flow, allows you to take into
account both daily changes in intensity and its fluctuations due to the random arrival of vehicles.
Systems based on adaptive management have been in place for the last decades, and their
application in both Metropolitan areas and smaller cities has proven to be effective. However, the
modern development of information technologies and intelligent transport systems (its) allows to
create qualitatively new methods of traffic management aimed at improving the convenience,
efficiency and safety of transport.

Today, there are dozens of different implementations of adaptive transport management
systems, and the most common are SCOOT and SCATS. Modern achievements in the field of its
can significantly expand the current capabilities of adaptive transport management and create
more advanced systems through the use of advanced sensors, electronics, computer and
communication technologies, innovative management strategies.

One of the important directions of its development is the use of wireless telecommunications.
Research conducted in this area in the 2000s showed that the existing Wi-Fi technology does not
meet the objectives. To solve these problems, a new addition to the Wi-Fi standard - IEEE 802.11
p was created. The new Protocol is based on the technology of DSRC (Dedicated short range
communication), which serves for short-range communication. The next generation technology is
called WAVE (Wireless Access to Vehicular Environment) and provides high-speed data
transmission. The shortest-range wireless networks are used for data exchange between devices
inside the car, for example, for communication between the driver's smartphone and the car's
systems. V2V communication includes the exchange of data with vehicles passing near or moving
on the same route, as well as emergency broadcasting to vehicles located nearby. V2i connectivity
uses the roadside infrastructure for data exchange and network connectivity with vehicles. Also,
the car can have a direct Internet connection via a cellular network. The services developed at this
point include a cooperative alert system, collision system for the detection of collisions, a
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cooperative security system intersections, warning of the approach of emergency vehicles, or
areas with road work.

Another direction in its is the prediction of congestion. In the last few decades, the most
common road forecasting techniques have been based on the Kalman filter and the integrated
moving average autoregression (ARIMA) model. Currently, much attention is paid to methods
that can perform forecasting based on several features, including traffic flow, degree of road
occupancy, speed. Such algorithms include support vector machines (SVM), neural network (NN)
system based on the rules of fuzzy logic (FRBS), genetic algorithms (GA) . The most effective
methods to date can predict the occurrence of congestion for a period of 5 to 30 minutes with an
accuracy of 95%.

The last decade is characterized by active development in the field of Autonomous and
unmanned vehicles. This is demonstrated through the following projects: VIAC (2007-10),
HAVEit (2008-11), Cybercars-2 and CityMobil (2005-08 and 2008-11) [13], the GCDC
competition (2009-11), e-Safety (2002-13), the DARPA competition and Google's Driverless Car.
Work on advanced systems assist the driver (PSV) is conducted in such areas as an assistance
system when changing lanes, security systems pedestrian warning system and collision
mitigation, adaptive light control headlights, an assistance system when Parking, night vision
system cruise control system of internal monitoring, allowing to detect the sleepy state of the
driver and to warn about dangerous situations. The next step is the creation of cooperative
adaptive cruise control systems based on V2V interaction, traffic sign and traffic light recognition
systems, systems that use information from digital maps, for example, to select the appropriate
speed before a steep turn. The development of the PRSP will affect the safety requirements of
vehicles and over time the use of such systems will become mandatory, making the machines
more Autonomous.

Multi-agent systems (MAS) are systems consisting of Autonomous intelligent agents
interacting with each other and a passive environment in which agents exist and can be affected.
The use of MACS to control the intersection is made possible by the development of V2i and
V2V communications. The transition device is equipped with a controller implementing an
algorithm for controlling the phases of the traffic light. In the case of Autonomous vehicles, the
traffic light can simply perform a secondary function, since the main commands can transmit
through V2i connectivity. The controller has a specific range, appearing in which the car
transmits information about its position, speed and direction of movement. The controller collects
this information from all vehicles and performs phase planning based on the data received. If
necessary, commands are sent to the vehicles so that they can adjust their actions.

The proposed algorithms of the controller can differ significantly from system to system.
Some are focused on better planning of traffic light phases by providing more information on
traffic flows, others are engaged in monitoring the trajectories of vehicles for more efficient and
safe passage of the intersection, others suggest to abandon the regulation of traffic light and
actively use the possibilities of wireless communication through the transmission of messages.
The quality of the proposed algorithms is evaluated by simulation, which shows a significant
increase in the efficiency of the intersection in comparison with the classical traffic light control.
In addition to the tasks of managing an isolated intersection, the MAC can be used in centralized
traffic management systems throughout the city, which are engaged in the formation of routes,
planning of traffic time and coordination of individual traffic light objects in order to avoid
congestion .

Most of the existing methods of adaptive transport management are based on technologies
available for several decades. The article presents a number of technologies, such as devices that
provide wireless high-speed telecommunications with cars, and advanced driver assistance
systems, the emergence and spread of which will lead to the creation of a new generation of
adaptive transport management systems. Such systems will be able to collect detailed descriptions
of traffic flows, including information on the route, speed and position of individual vehicles, and
be able to transmit individual commands to these vehicles, allowing urban transport systems to
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cope with the constant growth in the number of vehicles and traffic volumes observed around the
world.

Key words: adaptive control methods, intelligent transport systems, machine learning, fuzzy
logic rules, genetic algorithms, road infrastructure, wireless vehicle interaction, multi-agent
approach, traffic lights, intersection
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3MiHa IHTEHCHBHOCTI TPAaHCIOPTHHUX HOTOKIB, IO CIOCTEPIracThesl BIPOAOBXK JHS, BUMArae
BIZIMOBIHOI 3MiHM INapaMeTpiB KepyBaHHS TpadikoM, TaKWX SIK Yac IUKIYy Ta Yac aKTHBAIii
CUTHANIB. AJaNTHBHUN KOHTPOJb, 3aBISIKM HAsIBHOCTI 3BOPOTHOrO 3B'S3Ky 3 IIOTOKOM Tpadiky,
JIO3BOJIIE BPAaxOBYBAaTH SIK INOJCHHI 3MiHM IHTEHCHBHOCTi, Tak 1 HOro KoNMBaHHS uepe3
BUIAZKOBE NPHOYTTS TpaHCHOPTHUX 3aco0iB. Cuctemu, 1o 0a3yrOThCS Ha aZaNTHBHOMY
MEHEDKMEHTI, BX€ ICHYIOTh IPOTATOM OCTaHHIX ASCATWIITBH 1 IX 3aCTOCYBAaHHS y BEIHMKHX Ta
MEHIINX MicTaX BUSBHIOCA eQeKTuBHUM. OnmHaK Cy4acHHH pO3BUTOK iH(QOpMAIiiHUX
TEXHOJIOTIA Ta IHTEJEKTyaJbHUX TPAHCIOPTHUX CHUCTEM [O3BOJISIE CTBOPIOBATH SKICHO HOBI
METOJY YIPABIiHHS PYXOM, CIIPSIMOBaHI Ha IiJBHINEHHS 3pYyYHOCTI, €(eKTUBHOCTI Ta OE3MeKH
TPAHCIOPTY.

V craTTi aHaNi3yThCS TEHACHILIT PO3BUTKY aIalTUBHUX METOJIB YIPaBIIHHS TPAHCIIOPTHH-
MU IIOTOKaMH. BUKOHAHO OrJIsii HAWOIIbII IEPCIIEKTUBHUX HAPSMKIB y cepi IHTeNeKTyanbHUX
TPAHCHOPTHUX CHCTEM, TAKUX SIK BUCOKOIIBHJKICHA OE3pOTOBa B3a€MOJIisl aBTOMOOLITIB OAMH 3
OIHMM 1 3 ZOpOXKHBOIO iH(pacTpyKTyporo Ha ocHOBi TexHosoriii DSRC ta WAVE, nporuo3sy-
BaHHsI 3aTOPIB 3a JIONIOMOT'0K0 MALlIMHHOTO HABYAHHS, MPABHII HEYITKOI JIOTIKU Ta FEHETHYHHX all-
TOPHUTMIB, BIPOBAXKEHHS CUCTEM CIPHSHHS BOII€BI AJIS MiIBUIIEHHS aBTOHOMHOCTI TPaHCIIOPT-
HuX 3aco0iB. HaBeneHo mepeBary, mo HaJaloThCs MUMH TEXHOJOTiSMH, JUTA ITiIBUIIEHHS Oe3me-
KH, e)eKTHBHOCTI Ta 3pYYHOCTI BUKOPHCTaHHS TpaHCIOpTy. ONHcaHo MyJIbTHAreHTHUH MiAXiX i
MIPEICTABICHUI PsIJl alTOPUTMIB, 1[0 BUKOPHCTOBYIOTH HOTO UISi CTBOPEHHS! HOBOTO MOKOJIHHS
aIaNTUBHUX TPAHCIOPTHUX cucTeM. OnucaHuil minxin, sSIKMH BUKOpUCTOBYe V2I-3B'SI30K MiX
TPaHCIIOPTHUMH 3aC00aMH Ta KOHTPOJIEPOM IEPEXPECTTs JUIsl MiJ(BUILIECHHS e()eKTHBHOCTI yIpaB-
JIHHS 3aBISIKK O MOBHIM iH(GOpMauii Npo TPaHCHOPTHHUI MOTIK Ta MOXJIMBICTIO BifgaBaTh
PO3MOPSIKEHHS OKPEMUM TPAHCIIOPTHUM 3acobaM. IIpeicTaBieHo HU3Ka alNropuTMIB, SIKi BUKO-
PHUCTOBYIOTh TaKMH MiJXil M CTBOPEHHS HOBOTO NOKOJIHHS aJaNTUBHUX TPAHCIIOPTHUX CHC-
TEM.

Kniouosi cnosa: ananTuBHI METOOH YIIPABIIHHS, IHTEJIEKTyal bHI TPAHCIOPTHI CHCTEMH, Ma-
IIMHHE HAaBYAHHS, NIPAaBUJIa HEUITKOI JIOTIKH, TeHETHYHI aJTOPUTMH, TOPOXKHS IH(PPaCTPYKTypa,
0e31pOTOBE B3aEMOJisl TPAHCIOPTHUX 3ac00iB, MyJIBTHATCHTHUH MiJXiJ, CBITIO(GOPH, Iepexpec-
TS



